1. Introduction {#sec1-brainsci-09-00269}
===============

Many disabilities and deaths are due to traumatic brain injury (TBI) \[[@B1-brainsci-09-00269]\]. A secondary brain injury could appear within hours or days after a TBI due to apoptosis \[[@B2-brainsci-09-00269],[@B3-brainsci-09-00269],[@B4-brainsci-09-00269],[@B5-brainsci-09-00269]\]. The programmed cell death by apoptosis is increased in TBI according to the findings in brain samples of animals \[[@B6-brainsci-09-00269],[@B7-brainsci-09-00269],[@B8-brainsci-09-00269]\] and humans \[[@B9-brainsci-09-00269],[@B10-brainsci-09-00269]\].

The cytokeratin protein group is present mainly in the intracytoplasmic cytoskeleton filaments of epithelial tissue and participates in static cell functions (such as tensile strength) and dynamic cell processes (such as mitosis, differentiation, and movement) \[[@B11-brainsci-09-00269]\]. Caspase-cleaved cytokeratin (CCCK)-18 appears in the bloodstream due to the action of caspases on cytokeratin-18 during apoptosis \[[@B12-brainsci-09-00269]\]. A worse prognosis has been found in patients with different diseases such as sepsis \[[@B13-brainsci-09-00269]\] or hepatocellular carcinoma \[[@B14-brainsci-09-00269]\], and high circulating levels of CCCK-18.

Regarding CCCK-18 and cerebral processes, CCCK-18 levels have been found in brain samples of rats with glioma \[[@B15-brainsci-09-00269]\] and in patients with pituitary adenomas \[[@B16-brainsci-09-00269]\]. In addition, higher circulating levels of CCCK-18 have been found in patients with worse prognosis after cerebral hemorrhage \[[@B17-brainsci-09-00269],[@B18-brainsci-09-00269],[@B19-brainsci-09-00269]\] or cerebral infarction \[[@B20-brainsci-09-00269]\]. Furthermore, higher blood levels of CCCK-18 have been found at the time of admission of TBI in 30-day non-surviving than in surviving patients \[[@B21-brainsci-09-00269]\]. Therefore, the objective of our study was to analyze whether serum CCCK-18 levels determined during the first week after TBI could predict early mortality (at 30 days).

2. Methods {#sec2-brainsci-09-00269}
==========

2.1. Design and Subjects {#sec2dot1-brainsci-09-00269}
------------------------

Six intensive care units from Spanish hospitals participated in this prospective and observational study. The Institutional Review Board of all hospitals approved the protocol study: H. Universitario Dr. Negrín of Las Palmas de Gran Canaria, H. Universitario Nuestra Señora de Candelaria of Santa Cruz de Tenerife, H. Insular de Las Palmas de Gran Canaria, H. General de La Palma, H. Clínico Universitario de Valencia, and H. Universitario de Canarias of La Laguna. The legal guardians of each patient signed the written informed consent for the participation in the study.

Only patients with severe TBI, defined as \<9 points in the Glasgow Coma Scale (GCS) \[[@B22-brainsci-09-00269]\], and with only \<10 points in non-cranial aspects of the Injury Severity Score (ISS) \[[@B23-brainsci-09-00269]\] were included. Pregnant patients, patients under 18 years of age, and patients with inflammatory disease or malignant disease or comfort measures only were excluded.

We had previously measured serum CCCK-18 levels at the time of admission for TBI or day 1 of TBI (within 4 hours of the TBI) in some of these patients \[[@B21-brainsci-09-00269]\], and in our current research, serum CCCK-18 levels were measured on day 1 of the TBI, and on days 4 and 8 after the TBI.

The following were collected from each patient: glycemia, bilirubin, lactic acid, pressure of arterial oxygen (PaO~2~)/fraction inspired oxygen (FIO~2~) ratio, creatinine, sodium, hemoglobin, platelets, leukocytes, fibrinogen, activated partial thromboplastin time (aPTT), and international normalized ratio (INR). In addition, ISS, sex, age, cerebral perfusion pressure (CPP), intracranial pressure (ICP), GCS, Acute Physiology and Chronic Health Evaluation II (APACHE II) score \[[@B24-brainsci-09-00269]\], and classification of Marshall computer tomography for head injury (CT) \[[@B25-brainsci-09-00269]\] were recorded. Thirty-day mortality was the end-point of the study.

2.2. Serum CCCK-18 Analysis {#sec2dot2-brainsci-09-00269}
---------------------------

Serum samples were obtained on day 1 of TBI, and on days 4 and 8 after TBI, and were frozen at --80 °C until serum determinations. CCCK-18 concentrations were determined using the kit M30 Apoptosense® (PEVIVA AB, Bromma, Sweden). The inter-assay coefficient of variation, detection limit, and intra-assay coefficient of variation were \<10%, 25 µ/L, and \<10%, respectively.

2.3. Statistical Methods {#sec2dot3-brainsci-09-00269}
------------------------

Continuous variables such as medians (and interquartile ranges) were recorded. We used the Kolmogorov--Smirnov test to compare empirical distributions with the normal distribution. As serum CCCK-18 levels were not adjusted to normal distribution, we then compared them using intergroups of patients (between survivors and non-survivors) by Wilcoxon--Mann--Whitney tests and intragroups of patients (in survivors and in non-survivors) by paired sample Wilcoxon tests. Categorical variables such as frequencies (and percentages) were recorded and compared between groups of patients using the chi-square test. Receiver operating characteristic (ROC) analyses with area under curve (AUC) were performed and specificity, sensitivity, negative predicted value, negative likelihood ratio, positive predicted value, and positive likelihood ratio of optimal cut-offs of serum CCCK-18 concentrations (selected according to Youden J index) were reported on day 1 of TBI, and on days 4 and 8 after TBI for 30-day mortality prediction with 95% confidence intervals (CI). A multiple logistic regression analysis was performed to determine the association between serum CCCK-18 levels and 30 day-mortality, controlling for CT, sex, and APACHE-II score. Spearman's rho correlation coefficient was used ti test the association between continuous variables. Bonferroni correction for multiple comparisons was used. The programs NCSS 2000 (Kaysville, UT, USA), LogXact 4.1 (Cytel Co., Cambridge, MA, USA), and SPSS 17.0 (SPSS Inc., Chicago, IL, USA) were used to carry out the statistical analyses, and only *p*-values \< 0.05 were considered statistically significant.

3. Results {#sec3-brainsci-09-00269}
==========

Non-survivor (*n* = 34) and survivor (*n* = 90) patients did not differ with regard to glycemia, bilirubin, lactic acid, PaO~2~, PaO~2~/FIO~2~ ratio, sodium, creatinine, hemoglobin, platelets, leukocytes, fibrinogen, INR, aPTT, ISS, ICP, and CPP. Differences were found between surviving and non-surviving patients in brain computer tomography findings. Surviving patients compared to non-surviving patients showed a lower female rate, higher GCS, lower APACHE-II score, and younger age ([Table 1](#brainsci-09-00269-t001){ref-type="table"}).

Serum CCCK-18 levels on day 1 of TBI (*p* \< 0.001), and on days 4 (*p* \< 0.001) and 8 (*p* \< 0.001) after TBI were higher in non-surviving than in surviving patients ([Figure 1](#brainsci-09-00269-f001){ref-type="fig"}). Serum CCCK-18 levels were statistically higher on day 1 than on day 4 (*p* \< 0.001) and on day 1 than on day 8 (*p* \< 0.001) in surviving patients. Serum CCCK-18 levels were not statistically different between day 1 and 4 (*p* = 0.06) and between day 1 and 8 (*p* = 0.51) in non-surviving patients. After Bonferroni correction for multiple comparisons, only *p*-values \< 0.007 (0.05/7) were considered statistically significant.

The AUC (and 95% CI) of serum CCCK-18 concentrations on day 1 of TBI, and on days 4 and 8 after TBI for 30-day mortality prediction were 0.75 (0.67--0.83; *p* \< 0.001), 0.82 (0.73--0.89; *p* \< 0.001), and 0.83 (0.74--0.90; *p* \< 0.001) ([Figure 2](#brainsci-09-00269-f002){ref-type="fig"}). [Table 2](#brainsci-09-00269-t002){ref-type="table"} shows specificity, sensitivity, negative predicted value, negative likelihood ratio, positive predicted value, and positive likelihood ratio of cut-offs of serum CCCK-18 concentrations on day 1 of TBI, and on days 4 and 8 after TBI for 30-day mortality prediction.

We did not find significant differences in serum CCCK-18 concentrations according to CT (*p* = 0.78) and sex (*p* = 0.27), and neither did we find an association between serum CCCK-18 concentrations and age (rho = −0.05; *p* = 0.61). We found an association of serum CCCK-18 concentrations with GCS (rho = −0.28; *p* = 0.001) and with APACHE-II score (rho = 0.18; *p* = 0.06). Therefore, we included sex, CT, and APACHE-II score in multiple logistic regression analysis.

Multiple logistic regression analysis found an association between serum CCCK-18 concentrations and mortality (OR = 1.02; 95% CI = 1.01--1.03; *p* \< 0.001) controlling for sex, CT, and APACHE-II score ([Table 3](#brainsci-09-00269-t003){ref-type="table"}). CT findings were included in the regression analysis as CT with low risk of death (types II and V) and with high risk of death (types III, IV, and VI). This classification was used because the following mortality rates were found according to the type of CT brain injury: 16.7% (5/30) in type II, 28.6% (6/21) in type III, 40.9% (9/22) in type IV, 15.8% (6/38) in type V, and 61.5% (8/13) in type VI.

4. Discussion {#sec4-brainsci-09-00269}
=============

Previously, we determined blood CCCK-18 levels on admission of TBI, and we found higher blood CCCK-18 levels on admission of severe TBI in 30 days non-surviving than in surviving patients \[[@B21-brainsci-09-00269]\]. Thus, the new aspects of our current study were that blood CCCK-18 levels were determined also at days 4 and 8 of TBI. Therefore, the novel findings of our current study were that blood CCCK-18 levels at days 4 and 8 of TBI were also higher for the 30-day non-surviving than in surviving patients. Another new finding was that blood CCCK-18 levels also on days 4 and 8 of TBI could be used as predictor biomarkers of 30-day mortality. We think it very interesting that the clinician can have a biomarker that could help predict the outcome of those patients at any moment during the first week of TBI. These findings in TBI patients are consistent with other studies on cerebral hemorrhage \[[@B17-brainsci-09-00269],[@B18-brainsci-09-00269],[@B19-brainsci-09-00269]\] or cerebral infarction \[[@B20-brainsci-09-00269]\] patients and a worse prognosis with high serum CCCK-18 levels.

In addition, serum CCCK-18 levels were statistically lower on day 4 than on day 1, and on day 8 than on day 1 in surviving patients, and there were no statistical differences in non-surviving patients. We think that those findings may be due to a decrease in the apoptosis degree overall during the days following TBI in non-surviving patients. However, apoptosis degree is persistently higher in non-surviving patients compared to surviving patients.

We found that non-surviving patients with respect to surviving patients also showed higher female rate, higher APACHE-II score, lower GCS, higher age, and different brain computer tomography findings. According to multiple logistic regression analysis, each increase of 1 µ/L in serum CCCK-18 levels was associated approximately with an increase of 2% in mortality, each increase of 1 point in APACHE-II score was associated approximately with an increase of 38% in mortality, and females showed approximately 6 times more death than males. However, the objective of our study was to analyze whether serum CCCK-18 levels determined during the first week after TBI could help in the prediction of early mortality but not replace other variables associated with mortality. In fact, we found that serum CCCK-18 concentrations were associated with mortality controlling for sex, CT, and APACHE-II score. The advantages of serum CCCK-18 level determination with respect to CT are that it is cheaper and easier.

The meaning of these high bloodstream CCCK-18 levels in non-surviving TBI patients is unclear. Cytokeratin-18 is present in the intracytoplasmic cytoskeleton of epithelial tissue \[[@B11-brainsci-09-00269],[@B12-brainsci-09-00269]\], but CCCK-18 has also been found in the brain of rats with glioma \[[@B15-brainsci-09-00269]\] and in the brain of patients with pituitary adenomas \[[@B16-brainsci-09-00269]\]. Besides, high circulating levels of CCCK-18 and a worse prognosis in patients with cerebral hemorrhage \[[@B17-brainsci-09-00269],[@B18-brainsci-09-00269],[@B19-brainsci-09-00269]\] or cerebral infarction \[[@B20-brainsci-09-00269]\] have been found. In addition, TBI could produce a systemic inflammatory response syndrome (SIRS) \[[@B26-brainsci-09-00269]\], which could activate apoptosis by the action of different pro-inflammatory cytokines \[[@B27-brainsci-09-00269]\].

Another interesting point is that the use of apoptosis inhibitor agents in animal models has been associated with a reduction in brain apoptosis \[[@B28-brainsci-09-00269],[@B29-brainsci-09-00269],[@B30-brainsci-09-00269],[@B31-brainsci-09-00269],[@B32-brainsci-09-00269],[@B33-brainsci-09-00269],[@B34-brainsci-09-00269],[@B35-brainsci-09-00269]\]. Therefore, we think that all those finding could generate research about apoptosis in TBI patients and the use of apoptosis inhibitor agents.

We want to recognize as limitations in our study that we have not analyzed apoptosis and concentrations of CCCK-18 in brain samples, nor concentrations of CCCK-18 in cerebrospinal fluid, and it could be interesting to explore the association between blood CCCK-18 levels and all those aspects of apoptosis. In addition, the determination of blood CCCK-18 levels during all follow-up (30 days) and not only during the first week of TBI, could also be interesting. Furthermore, we have not monitored electrocorticography to assess the presence of cortical spreading depolarizations or epileptic events; in fact, cortical spreading depolarizations has been found in TBI and has been associated with TBI outcomes \[[@B36-brainsci-09-00269],[@B37-brainsci-09-00269]\] and with apoptosis \[[@B38-brainsci-09-00269]\].

5. Conclusions {#sec5-brainsci-09-00269}
==============

The new findings from our study were that serum CCCK-18 levels at any moment of the first week of TBI were higher in non-surviving patients and were able to predict early mortality.
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brainsci-09-00269-t001_Table 1

###### 

Surviving and non-surviving patient characteristics on day 1 of trauma brain injury.

                                                          Survivors (*n* = 90)   Non-Survivors (*n* = 34)   *p*-Value
  ------------------------------------------------------- ---------------------- -------------------------- -----------
  Brain CT injury---*n* (%)                                                                                 0.01
  Diffuse injury I                                        0                      0                          
  Diffuse injury II                                       25 (27.8)              5 (14.7)                   
  Diffuse injury III                                      15 (16.7)              6 (17.6)                   
  Diffuse injury IV                                       13 (14.4)              9 (26.5)                   
  Evacuated mass lesion V                                 32 (35.6)              6 (17.6)                   
  Non-evacuated mass lesion VI                            5 (5.6)                8 (23.5)                   
  Brain CT with high death risk (III, IV, VI)---*n* (%)   33 (36.7)              23 (67.6)                  0.002
  Gender female---*n* (%)                                 15 (16.7)              13 (38.2)                  0.02
  Decompressive craniectomy---*n* (%)                     13 (14.4)              5 (14.7)                   0.99
  Age (years)---m (p 25--75)                              46 (28--62)            65 (55--75)                \<0.001
  Sodium (mEq/L)---m (p 25--75)                           140 (138--143)         141 (136--147)             0.41
  Glycemia (g/dL)---m (p 25--75)                          139 (121--167)         160 (125--191)             0.11
  Lactic acid (mmol/L)---m (p 25--75)                     1.75 (1.10--2.50)      2.30 (1.25--4.58)          0.08
  Bilirubin (mg/dL)---m (p 25--75)                        0.60 (0.40--0.80)      0.70 (0.53--1.05)          0.06
  Creatinine (mg/dL)---m (p 25--75)                       0.80 (0.70--1.00)      0.80 (0.70--1.10)          0.50
  INR---m (p 25--75)                                      1.11 (1.00--1.24)      1.12 (1.03--1.48)          0.19
  Platelets---m × 10^3^/mm^3^ (p 25--75)                  182 (135--238)         172 (125--232)             0.49
  aPTT (seconds)---m (p 25--75)                           28 (25--31)            29 (25--37)                0.25
  PaO~2~/FI0~2~ ratio---m (p 25--75)                      336 (246--400)         294 (167--395)             0.11
  PaO~2~ (mmHg)---m (p 25--75)                            148 (110--242)         142 (97--195)              0.45
  Leukocytes---m × 10^3^/mm^3^ (p 25--75)                 13.9 (10.1--19.0)      14.9 (9.7--21.6)           0.47
  Fibrinogen (mg/dL)---m (p 25--75)                       371 (286--471)         348 (300--475)             0.70
  Hemoglobin (g/dL)---m (p 25--75)                        11.2 (10.0--13.0)      11.9 (10.0--13.7)          0.73
  Glasgow Coma Scale---m (p 25--75)                       7 (5--8)               4 (3--7)                   \<0.001
  ICP peak (mmHg)---m (p 25--75)                          15 (14--20)            25 (11--30)                0.08
  CPP small (mmHg)---m (p 25--75)                         68 (57--70)            61 (52--70)                0.20
  APACHE-II---m (p 25--75)                                18 (14--22)            25 (23--28)                \<0.001
  ISS---m (p 25--75)                                      25 (25--29)            25 (25--26)                0.59
  CCCK-18 (µ/L)---m (p 25--75)                            181 (153--218)         347 (209--401)             \<0.001

CT = computer tomography; m = median; p 25--75 = percentile 25th--75th; INR = international normalized ratio; aPTT = activated partial thromboplastin time; PaO~2~ = pressure of arterial oxygen; FIO~2~ = fraction inspired oxygen; ICP = intracranial pressure; CPP = cerebral perfusion pressure; APACHE II = Acute Physiology and Chronic Health Evaluation; ISS = Injury Severity Score; CCCK = caspase-cleaved cytokeratin.
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###### 

Receiver operation characteristic analysis using serum caspase-cleaved cytokeratin (CCCK)-18 levels on day 1, day 4, and day 8 after trauma brain injury as predictor of mortality at 30 days.

                                       Day 1             Day 4            Day 8
  ------------------------------------ ----------------- ---------------- ------------------
  Cut-off of CCCK-18 (µ/L)             \>294             \>161            \>128
  Specificity (95% CI)                 90% (82--95%)     74% (64--83%)    71% (61--80%)
  Sensitivity (95% CI)                 62% (44--78%)     82% (57--96%)    92% (64--99%)
  Negative likelihood ratio (95% CI)   0.4 (0.3--0.7)    0.2 (0.1--0.7)   0.1 (0.02--0.70)
  Positive likelihood ratio (95% CI)   6.2 (3.1--12.1)   3.2 (2.1--4.9)   3.3 (2.2--4.6)
  Negative predicted value (95% CI)    86% (80--91%)     96% (89--98%)    98% (91--99%)
  Positive predicted value (95% CI)    70% (54--82%)     38% (29--48%)    32% (24--40%)

brainsci-09-00269-t003_Table 3

###### 

Multiple logistic regression analysis to predict 30-day mortality. CT = computer tomography; APACHE = Acute Physiology and Chronic Health Evaluation.

  Variable                                         Odds Ratio   95% Confidence Interval   *p*
  ------------------------------------------------ ------------ ------------------------- ---------
  Serum CCCK-18 (µ/L)                              1.02         1.01--1.03                \<0.001
  Sex (female vs. male)                            5.77         1.17--28.43               0.03
  CT classification (high vs. low risk of death)   3.61         0.99--13.22               0.052
  APACHE-II score (points)                         1.38         1.17--1.63                \<0.001
